vision. They are also rewired to connect to the motion processing centers for additional sensitivity. I will discuss the molecular basis for this fate transformation and modification of axon targeting.
The dorsal part of the turtle shell, or the carapace, is made of modified ribs and the vertebral column. The structure is regarded as an example of evolutionary novelties because the topographical relationships between the ribs and the scapula is reversed as compared to that in other amniotes. To explain this, the folding theory assumes that the turtle-specific body plan was achieved through sequential developmental changes that proceeded in a stepwise manner. This involved the axial arrest of the rib primordia (turtle ribs are confined in the axial part of the embryo), peripheral growth of the carapacial anlage along the embryonic ridge called the carapacial ridge (CR), and inward folding of the ventral body wall to encapsulate the scapula. Survey of fossil records suggested that a lineage of marine reptiles experienced the axial arrest and loss of sternum about 250mya, which is consistent with the molecular clock estimate of the turtle-archosaurian dichotomy. The CR, specific to the turtle embryo, is characterized by turtle-specific expression of genes involved in the canonical Wnt signaling pathway, and functions in the marginal growth of the carapacial primordium, resulting in the fan-shaped pattern of the turtle ribs in the late phase of morphogenesis. Other turtle-specific genes were potentially responsible for the axial arrest of the ribs. A Triassic fossil animal, Odontochelys, assumed to have been in an ancestral lineage of the modern turtle, exhibited a morphology resembling the embryo of modern turtles before the folding. Such an anatomy is consistent that enhancement of the late CR function in late development has led to the acquisition of a round carapace, resulting in encapsulation of the scapula as an evolutionary novelty of the turtle lineage. To understand the progression from stem cells to differentiated tissues we are exploiting the simplifying aspects of root development. We have developed new experimental, analytical and imaging methods to identify networks functioning within different cell types and developmental stages of the root. We are particularly interested in a subnetwork that regulates a key asymmetric cell division of a stem cell and the regulatory networks that control differentiation of the stem cell's progeny. These networks are partially dependent on cell-to-cell signaling through movement of transcription factors. To quantify dynamic aspects of these networks, we are employing lightsheet microscopy to image accumulation of their different components. To find additional signaling molecules we performed ribosome profiling and identified putative peptide ligands. We have also uncovered a clock-like process responsible for the positioning of lateral roots along the root primary axis. Two sets of genes were identified that oscillate in opposite phases at the root tip and are involved in the production of prebranch sites, locations of future lateral roots. A derivative of the carotenoid biosynthesis pathway appears to act as a new mobile signal regulating root architecture.
This work is supported by grants from the NIH, NSF and the Gordon and Betty Moore Foundation. Recent studies investigating the directed differentiation of human pluripotent stem cells have observed the spontaneous 3D patterning of tissue organoids, including brain, optic cup, stomach and intestine. Such protocols are based on a deep understanding of the normal processes of embryonic patterning of the tissue to be generated and upon an inherent capacity for self-organisation of cells within developing tissues. Development of the mammalian kidney involves reciprocal signalling between critical progenitor populations to drive the formation of a branching ureteric tree and a nephron-producing surrounding mesenchyme. Based on detailed temporospatial transcriptional and morphological analyses of kidney development, we have developed a protocol for the differentiation of human pluripotent stem cells into kidney organoids containing collecting duct epithelium, patterned and segmenting nephrons, surrounding interstitium and vasculature (1). This involves the stepwise induction of posterior primitive streak, anterior and posterior intermediate mesoderm and ultimately progenitors of all epithelial and non-epithelial components of the final organ. The development of this protocol opens the door on disease modelling and drug screening using organoids as a model of the kidney. In the longer term, such an approach may provide the requisite cell types for new therapies for kidney disease, including cellular therapy and bioengineered renal tissue. Drosophila has emerged in recent years as a prime model to dissect the intricate interactions between organs and the role hormones play in coordinating the state of one organ/tissue with others. For many years most hormonal studies in Drosophila focused on Insulin signaling, regulated by Dilps, and to some extent on AKH/Glucagon. However, in recent years a number of additional hormonal systems have been uncovered. In particular, our lab identified Upd2 as the Drosophila Leptin ortholog. Recently, we characterized the mechanism by which Upd2 senses fat in adipose tissues, and showed that Upd2/Leptin secretion occurs via an energy-state sensitive network of proteinaceous compartments, formed by the unconventional secretion component GRASP, on the surface of lipid droplets, regulated via phosphorylation downstream of Glucagon mediated Ca2+ signaling. In addition, we showed that Drosophila muscles, depending on their physiological states, produce a number of systemic factors, such as ImpL2/IGFBP and Myostatin/GDF11. Interestingly, we found that ImpL2, which is produced from gut tumors, triggers systemic organ wasting reminiscent to cachexia by downregulating systemic Insulin levels. The gut also produces a number of hormones produced by enteroendocrine cells (EEs) regulate physiology. For example, we showed that Activin-β (Actβ), an activin ligand is produced in the enteroendocrine cells (EEs) of the midgut, is upregulated by chronic high-sugar diet and signals specifically through Babo to promote AKH/Glucagon action in the fat body, leading to hyperglycemia. Altogether, our work and others, have shown that: 1. Drosophila is an excellent model to dissect organ communications, especially as we have tools for genome scale interrogation of gene functions in organ communication; 2. Many of the regulatory mechanisms are conserved with mammals; 3. A number of human diseases related can be modeled in the fly, including obesity and organ wasting/cachexia. 
Sainsbury Laboratory Cambridge University, United Kingdom
Plant development is characterized by spectacular levels of plasticity, such that a single genotype can give rise to a wide range of phenotypes. The degree of shoot branching is an excellent example of this phenomenon with branching levels being influenced by diverse environmental and developmental factors throughout the life cycle. Fundamentally this is played out at the level of the behavior of axillary buds, established at the base of each leaf on the plant. Axillary buds can remain dormant or they can activate to produce a shoot. The commitment of axillary buds to switch between dormancy and activity involves the integration of local and systemic factors, and is mediated at least in part by the self-organising properties of the transport network for the plant hormone auxin. A central feature of this system is the competition between axillary buds for access to a common auxin transport path down the main stem to the root, along with positive feedback between auxin and its transport, which reinforces active transport routes. This system supports robust switching behavior in buds, dependent on their relative rather than absolute properties, which can be both globally and locally modulated. 
University of California, United States
Adult stem cells support tissue homeostasis and repair throughout the life of an individual. Numerous changes occur with age that result in altered stem cell behavior and reduced tissue maintenance and regeneration. Changes can be cell autonomous including changes in cell cycle progression, decreased bioenergetic efficiency, increased DNA damage, and epigenetic alterations. In addition, poorly understood changes to the local and systemic environments occur that result in decreased stem cell activity or alterations in commitment or differentiation potential. We have developed Drosophila melanogaster as a model to uncover conserved mechanisms regulating stem cell aging and to explore how cellular and tissue aging impact longevity. Specifically, we compare and contrast age-related changes to germline and intestinal stem cells and present strategies to counter age-related changes in both tissues. In addition, we are extending our findings in flies to more complex stem cell systems, such as the human intestine. Understanding the mechanistic basis for intrinsic and extrinsic agerelated changes will facilitate stem cell based therapies to treat ageonset and degenerative diseases in older individuals. Helical growth in some plant species causes spiral patterns, such as those of pea tendrils. This helical patterning often has a particular handedness. A considerable amount of experimental work in Arabidopsis has shown that alterations in the organization of cortical microtubules, or in microtubule associated proteins, can lead to handed helical growth. We have identified mutations in RHAMNOSE BIOSYN-THESIS 1 (RHM1) that cause dramatic left-handed helical growth of Arabidopsis petal epidermal cells, leading to twisted petals. RHM1 encodes a UDP-L-rhamnose synthase; rhamnose is a major component of pectin, a major structural component of the cell wall. The rhm1 mutants display decreases in the levels of the pectic polysaccharide rhamnogalacturonan-I. rhm1 mutant roots also display left-handed helical growth and, unlike other mutants with a similar phenotype, rhm1 does not alter the orientation of microtubule arrays. Our findings reveal a novel source of left-handed growth in plants caused by changes in cell wall composition that is independent of microtubule orientation; we propose that an important function of rhamnogalacturonan-I is to suppress helical twisting of expanding plant cells. We suggest that many instances of helical growth in nature may be due to naturally occurring alterations in the levels or organization of cell wall components. 
